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(54) Spacecraft with modular communication payload 



(57) A spacecraft (1 4) of a set of spacecraft has an 
antenna support frame (24) defining square apertures, 
which are the same size in all spacecraft of the set of 
spacecraft. The set also includes a plurality of radiating 
tiles for various operating frequencies. The tiles all have 
the same dimensions, so that any combination of tiles 
may be mounted in the apertures of the frames of any 



spacecraft to form antenna arrays of various sizes, de- 
pending upon the customer's requirements. Each tile in- 
cludes plural beamlormers and power amplifiers, and 
remotefy controllable phase shifters and level controls, 
for ready reconfiguration of the antennas while the 
spacecraft is in operation. The preferred dimension of 
each radiating tile is a one-foot square. 



RADIATED HEAT 



CM 




O 

a 

LU 



Printed by Jouve. 75001 PARIS (PR) 



1 



EP 0 798 209 A2 



2 



Description 

This invention relates to modular spacecraft, and 
more particularly to spacecraft having antennas which 
are constructed with modular elements, for ready inter* 5 
changeability and configuring. 

Communication spacecraft are widely used for 
communicating between earth stations, and are becom- 
ing more important for communications in regions of the 
world where other communication paths are not availa- 
ble. Ordinary geosynchronous spacecraft at their 
present state of development require expenditure of 
propellant in order to aid in maintaining their attitude an- 
dor station. When the propellant is exhausted, the utility 
of the spacecraft is ended, and a new spacecraft must 
be launched to take over the communication function. 
Thus, there is a substantial industry which engages in 
fabrication and launch of spacecraft, both for new com- 
munications functions, and to replace spacecraft which 
become inoperable. 

The fabrication and launch of communication 
spacecraft has in the past been very costly, at least in 
part because each spacecraft was custom-designed 
and built for a particular use. Some attention has been 
directed to reducing cost in the fabrication of spacecraft 
by using common elements in spacecraft of a series of 
spacecraft. Thus, the dimensions of a spacecraft and of 
key portions thereof are increased in five-inch incre- 
ments, as described in U.S. Patent 5,344,104, issued 
September 6, 1994 in the name of Homer et al, and 
common polygonal spacecraft shapes are described in 
U.S. Patent 5,411 ,226, issued May 2, 1 995 in the name 
of Jones et at. Aspects of each spacecraft which are 
unique to the particular mission which it is to serve have 
been more resistant to modularization. Thus, the atti- 
tude control and station keeping system must maintain 
the spacecraft in a particular attitude at a particular sta- 
tion, and must be adapted to that station. Similarly, the 
number of transponder channels, and their frequencies 
and power, tend to differ from one spacecraft to the next, 
and the configurations of the transmitters and channeliz- 
ing arrangements differ correspondingly. The antenna 
footprint and operating frequencies also tend to differ 
from one spacecraft to the next, and antennas are ordi- 
narily custom-designed. All these custom designs re- 
quire the attention of skilled engineers, and fabrication 
of the custom design is expensive, and requires exten- 
sive testing, all of which increases the lead time. 

Improved spacecraft are desired. 

Each spacecraft of a set of spacecraft according to 
the invention includes a body, and a source of electrical 
power mounted on the body. The body of each of the 
spacecraft includes a support frame, which comprises 
a plurality of elongated support beams in first and sec- 
ond mutually orthogonal sets, joined together to form a 
substantially planar grid defining an array of substantial- 



ly identical rectangular apertures. The sizes of the rec- 
tangular apertures are identical from one spacecraft of 
the set to another. A first spacecraft of the set or space- 
craft includes a first set of substantially planar, rectan- 
gular, first tiles. Each of the first tiles defines first and 
second broad sides and four edges, and each tile of the 
first set of tiles is dimensioned to fit within any one of 
the rectangular apertures of the frame of any spacecraft 
of the set of spacecraft. Each of the first tiles includes 
an antenna arrangement which is adapted for electro- 
magnetic radiation from the first side of the tile within a 
first frequency band. Each of the first tiles includes an 
electromagnetic signal input port, preferably on the sec- 
ond broad side, for receiving signals within the first fre- 
quency band, and also includes a power RF, microwave, 
millimeter-wave or other electromagnetic amplifier for 
amplifying signals within the first frequency band, a cou- 
pling arrangement coupled to the amplifier and to the 
electromagnetic signal input port, for coupling signals 
which are applied to the electromagnetic signal input 
port to the amplifier for amplification, and a reject filter 
arrangement coupled to the amplifier and to the antenna 
arrangement, for coupling amplified signals from the 
amplifier to the antenna arrangement, and for rejecting 
signal components at reject frequencies other than the 
first frequency band. The amplifier of each of the first 
tiles is thermally coupled to at least one of the first and 
second sides of the tile for radiation of thermal energy 
into space therefrom to aid in temperature control. Each 
of the tiles of the first set of tiles is mounted within one 
of the apertures in the frame of the first spacecraft, with 
at least one edge of each of the tiles of the first set of 
tiles adjacent to another tile of the first set of tiles, to 
thereby form an active array which includes the antenna 
arrangements of the first set of tiles. The first spacecraft 
also includes a second set of substantially planar, rec- 
tangular, second tiles. Each of the second tiles defines 
first and second broad sides and four edges, and is di- 
mensioned to fit within any one of the rectangular aper- 
tures of the frame of any spacecraft of the set of space- 
craft. Each of the second tiles includes an antenna ar- 
rangement which is adapted for radiation from the first 
side of the tile within a second frequency band. Each of 
the second tiles includes an electromagnetic signal in- 
put port for receiving signals within the second frequen- 
cy band, an amplifier for amplifying signals within the 
second frequency band, a coupling arrangement cou- 
pled to the amplifier and to the electromagnetic signal 
input port for coupling those signals which are applied 
to the input port to the amplifier, in which the signals are 
amplified, and a reject fitter arrangement coupled to the 
amplifier and to the antenna arrangement, for coupling 
amplified signals from the amplifier to the antenna ar- 
rangement, and for rejecting signal components at re- 
ject frequencies other than the second frequency band. 
The amplifier of each of the second tiles is thermally cou- 
pled to at least one of the first and second sides of its 
associated second tile, for radiation of thermal energy 
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therefrom. Each of the tiles of the second set of tiles is 
mounted within one of the apertures in the frame of the 
first spacecraft, with at least one edge of each of the 
tiles of the second set of tiles adjacent to another tile of 
the second set of tiles, to thereby form an active array 5 
which includes the antenna arrangement of the second 
set of tiles. The first spacecraft further includes a source 
of first electromagnetic signals within the first frequency 
band, and a source of second signals within the second 
frequency band. The first and second signals are to be 
transmitted. The first spacecraft further includes a first 
power divider with an input port coupled to the source 
of first signals. The first power divider includes a plurality 
of output ports, each of which is coupled to the electro- 
magnetic signal input port of one of the tiles of the first 
set of tiles. The first spacecraft also includes a second 
power divider with an input port coupled to the source 
of second signals, and with a plurality of output ports, 
each of the which is coupled to an the electromagnetic 
signal input port of one of the tiles of the second set of 
tiles. The first spacecraft further includes an electrical 
power distributing arrangement coupled to the source 
of electrical power and to each of the tiles, for providing 
energizing power for the amplifier. In a preferred embod- 
iment of the invention, the rectangular apertures in the 
frame are square, and the tiles are also square, so that 
the tiles may be mounted with either of two mutually or- 
thogonal linear polarizations. The tiles preferably have 
a minimum ratio of side to thickness of 10, and in one 
embodiment have 12-inch sides. In another embodi- 
ment of the invention, the radiation associated with the 
first tile of the first spacecraft is in a first polarization, 
and the radiation associated with the second tile is in a 
second polarization, orthogonal to the first polarization. 
The frequency of operation of a tile may be within or in- 
clude C-band, L-band, X-band, or any of the K bands, 
or combinations thereof. Mutually adjacent tiles in the 
frame may operate within the same frequency band, or 
at different frequency bands. The electrical power dis- 
tribution arrangement may distribute the electrical pow- 
er at a distribution voltage which exceeds that required 
by the amplifier, and each of the tiles may in that case 
include a voltage reducer coupled to the power distribu- 
tion and to the amplifier, for reducing the distribution 
voltage to a lower voltage for application to the amplifier. 
Those skilled in the art know that this may be done in a 
linear manner, but that a switching voltage converter 
tends to have lower energy or power losses. 

Another embodiment of the invention includes re- 
ceive-only tiles having the same overall dimensions as 
the transmit tiles, so that the frame can also carry an 
array of receive-only tiles. Unlike the transmit tiles, the 
receive-only tiles have the thermal problem of generat- 
ing too little heat to keep their temperature within an ac- 
ceptable operating range, because their amplifiers are 
low-noise, rather than high-power. The low-noise ampli- 
fiers generate or dissipate significantly less heat than 
the power amplifiers, and the broad, heat-radiating 



sides of the receive-only tiles tend to radiate to space. 
According to an aspect of the invention, the receive-only 
tiles are fitted with thermal blankets to aid in reflecting 
energy back to the tile. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 

FIGURE 1 illustrates a set of spacecraft, each in- 
cluding a body and a tile mounting frame, and also 
illustrates sets of radiating tiles adapted to fit within 
the apertures of the frames of the various space- 
craft of the set of spacecraft; 

FIGURE 2 is a more detailed overall view of space- 
craft 12 of FIGURE 1, illustrating solar panels for 
generating electrical power for operation of the 
spacecraft, a set of batteries for storage of energy 
for those periods in which the spacecraft is in shad- 
ow, and also illustrating unfurled panels of antenna 
frames; 

FIGURE 3 is a perspective or isometric view of an- 
tenna panel 24a of FIGURE 2, with the individual 
radiating tiles exploded away from their support 
frame to illustrate the shape and relative dimen- 
sions of the tiles and the corresponding apertures 
in the frame; 

FIGURE 4 is a simplified block diagram of a K„ band 
communication system for use on a spacecraft; 

FIGURE 5 is a simplified view of the nadir side of 
the spacecraft of FIGURE 2, showing the deployed 
antenna panels, and antenna arrays which may be 
used with the arrangement of FIGURE 4; 

FIGURE 6 is a simplified view of the RF feed con- 
nections to the radiating tiles of antenna panel 24a 
of FIGURE 5; 



FIGURE 7 is a simplified block diagram of the RF 
signal processing within one of the radiating tiles of 
FIGURE 6; 

45 

FIGURE 8 is a simplified block diagram of a beam- 
former which may be used in the arrangement of 
FIGURE 7; 

so FIG URE 9 is a simplified, exp loded view of a portion 
of a radiating tile according to an aspect of the in- 
vention, illustrating how the various parts are fitted; 

FIGURE 10a is a more detailed view of a portion of 
55 the arrangement of FIGURE 9, and FIGURE 10b 
illustrates the reverse side of the arrangement of 
FIGURE 10a; 
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FIGURE 11 is a simplified, exploded view of a por- 
tion of a manifold, illustrating how it is placed rela- 
tive to the underlying filter housing, and also illus- 
trating how RF power is distributed to the radiating 
elements; 5 

FIGURES 1 2 and 1 3 illustrate layouts of tiles in par- 
ticular embodiments of the invention; and 

FIGURE 14 is a cross-sectional representation of a 
receive-only tile, with thermal reflectors to keep it 
warm. 

In FIGURE 1, a set 10 of spacecraft includes indi- 
vidual spacecraft 12, 14, and 16. Each spacecraft 12, 
14, and 16 includes a body 12b, 14b, and 16b, respec- 
tively, and a substantially planar antenna tile support 
frame 22, 24, and 26, respectively. As illustrated, space- 
craft 14 includes a further antenna tile support frame 
24a. Each antenna tile support frame includes a plurality 
of elongated support elements or beams, described in 
more detail below, which define rectangular, or prefera- 
bly square, planar apertures, some of which are desig- 
nated 28. In addition, FIGURE 1 illustrates a first set 30 
of electromagnetic radiating tiles. Set 30 includes seven 
tiles 30, , 30 2 , 30 3 , 30 4 , 30 5 , 306 6 , and 30 7 , which, as 
described below, are all optimized to operate within a 
particular first frequency range. Another set 32 of radi- 
ating tiles includes four tiles 34, , 34 2 , 34 3 , 34 4 , which 
are optimized for operation in (or at) a second frequency 
range, which is different from the first frequency range. 
As an example of different operating frequencies, set of 
tiles 30 might be optimized for operation at C-band, 
which a the frequency range of about four gigahertz 
(GHz), while tiles of set 32 might be optimized for K y 
band, which is in the range of about 12 GHz. According 
to an aspect of the invention, each tile of sets 30 and 32 
has the same dimensions, which are selected to fit with- 
in the apertures 28. 

FIGURE 2 is a more detailed view of spacecraft 1 4 
of the set of FIGURE 1 . In FIGURE 2, spacecraft 14 il- 
lustrates deployed antenna panel 24 as being an B-foot 
by ten-foot (8x10) array, while antenna panel 24a is 8x8. 
A further deployed antenna panel arrangement is des- 
ignated 24b. FIGURE 2 also illustrates deployed solar 
panels 40a and 40b, which produce electrical energy in 
known fashion, which is stored in an electrical battery 
44 for satisfying peak loads and for those intervals in 
which the solar panels may be in shadow. A further an- 
tenna array 46 is illustrated as being mounted on the 
nadir side of body 1 4b of spacecraft 1 4. One advantage 
of panel antennas according to the invention is that elec- 
tromagnetic energy (which may be termed microwave 
or RF) and heat energy can be radiated from the earth- 
facing sides of the antenna panels, as suggested by 
photon arrow symbol 42a, and heat energy can be ra- 
diated from the reverse side, as suggested by photon 
arrow symbol 42b. It is very advantageous to be able to 



stow large antenna panels such as those illustrated in 
FIGURE 2 against the sides of body 14b during high- 
acceleration intervals, such as launch, and then deploy 
them to the illustrated configuration, in which ability to 
radiate heat from both sides ot the antenna panel aids 
in maintaining temperature when the antenna panels in- 
clude active elements. 

FIGURE 3 is a perspective or isometric view of 8X8 
antenna panel 24a of FIGURE 2, with the individual ra- 
diating tiles exploded away from their support frame to 
illustrate the shape and relative dimensions of the tiles 
and the corresponding apertures in the frame. In FIG- 
URE 3, frame 50 includes a plurality of elongated beams 
or support members 50x, 50y which intersect to define 
a substantially planar array of square apertures 28. An 
8X8 array of radiating tiles including tiles 30,, 30 2 , 30 3 , 
30 4 , and 30 5 . Tiles 30,, 30 2 , 30 3 , 30 4 , and 30 5 are 
square, and are dimensioned to fit within apertures 28 
in frame 50. The tiles may be held within the apertures 
in any manner, but preferably are held at their edges, so 
that the tile mounting arrangement does not interfere 
with the RF or heat radiation. A particularly advanta- 
geous mounting arrangement is described in a copend- 
ing GB patent application entitled "Modular Supertile Ar- 
ray Antenna", filed 12 March 1997, corresponding with 
USSN 08/622,725. 

FIG URE 4 is a simplified block diagram of a K u band 
communication system for use on a spacecraft. In FIG- 
URE 4, a first nadir panel mounted vertically polarized 
receive antenna array 434 produces sixteen beams at 
sixteen different frequencies within the K u band, and a 
horizontally polarized receive antenna array 436 pro- 
duces sixteen beams at sixteen different frequencies, 
also within the K u band. As described below, each re- 
ceive antenna tile, in this particular embodiment of the 
invention, is capable of receiving sixteen signals over 
sixteen separate beams. As known to those skilled in 
the art, the sixteen frequencies received by antenna ar- 
ray 434 may be distinctly different from the sixteen fre- 
quencies received by antenna array 436, or each fre- 
quency of the sixteen received by antenna array 434 
may overlap the frequency of one of the sixteen frequen- 
cies received by antenna array 436. When the frequen- 
cies are distinctly different, antenna array 434 produces 
or carries sixteen channels, which are designated 401 , 
402, .... 415, and 416, and antenna array 436 also car- 
ries sixteen channels which are designated 417, 
41 8, .... 431 . and 432, and thus there are a total of thir- 
ty-two channels through which independent signals can 
be carried. Those skilled in the art know that, even when 
the carrier frequencies partially overlap, polarization 
separation of the vertical and horizontal polarizations of 
antenna arrays 434 and 436 permits carrying independ- 
ent signals, and thus thirty-two channels are still avail- 
able. 

Each of the thirty-two received signals produced at 
the output ports of receive antenna arrays 434 and 436 
of FIGURE 4 is processed through an independent 
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channel 401 , 402, . . .431 , and 432. Each channel 401 , 
402, . . .431, and 432 includes a down-converter of a set 
or array 438 of down-converters, for converting the in- 
formation signal to an intermediate carrier frequency 
(IF), a filter, of a set or array of filters 440, for suppress- s 
ing unwanted signals from adjacent channels, and an 
up-converter of a set of up-converters 442, for convert- 
ing the filtered signals to the transmitter frequency, and 
gain or level controls of a set 444, which control the am- 
plitudes of the signals applied to the active transmit an- 10 
tenna arrays, to maintain the active devices or amplifiers 
of the active arrays operating in or near their linear re- 
gion. For example, the signal on channel 401 leaves ver- 
tically polarized receive antenna 434, and flows to a 
down-converter 438-, , where it is down-converted to an is 
IF. The IF signal from down-converter 438-, is applied 
through a filter 440! , of an array 440 of filters, to an up- 
converter 442t . The up-converted signal is applied from 
up-converter 442, to gain or level controls illustrated as 
a block 444 v Gain control 444! is part of an array 444 20 
of such level controls. From gain/level controls 444 1 , the 
processed signals flow to one of two input ports of a hor- 
izontally polarized active transmit antenna array 
446a, which is mounted on deployed antenna panel 
24a. Similarly, the signal on channel 402 leaves verti- 2s 
cally polarized receive antenna 434, and flows to a 
down-converter 438 2 , where it is down-converted to an 
IF. The IF signal from down-converter 438 2 is applied 
through a filter 440 2 to an up-converter 442 2 . The up- 
converted signal is applied from up-converter 442 2 to 30 
gain or level controls illustrated as a block 4442. From 
gain/level controls 444 2 , the processed signals flow to 
the other one of the two input ports of horizontally po- 
larized K y active transmit antenna array 446a. Also, the 
signal on channels 415 and 416 leave vertically polar- & 
ized receive antenna 434, and flow to down-converters 
438! 5 and 438-, 6 , where they are down-converted to IF 
The IF signals from down-converters 438! 5 and 438! 6 
are applied through filters 440 15 and 440 16 to up-con- 
verters 442! 5 and 442 16 . The up-converted signals are *o 
applied from up-converters 442! 5 and 442 16 to 9 a ' n or 
level controls illustrated as a blocks 444 15 and 444 16 . 
From gain/level control blocks 444! 5 anc? 444 16> the 
processed signals each flow to one of the two input ports 
of horizontally polarized K g active transmit antenna ar- 
ray 446h. The other channels produced by vertically po- 
larized receive antenna 434 are not expressly illustrat- 
ed, nor are the six horizontally-polarized transmit array 
antennas (446b, 446c, 446d, 446e, 446f , 446g) lying be- 
tween illustrated antennas 446a and 446h. 50 

Similarly, in FIGURE 4, the signal on channel 417 
leaves horizontally polarized receive antenna 436, and 
flows to a down-converter 438 17 , where it is down-con- 
verted to an IF The IF signal from down-converter 438! 7 
is applied through a filter 440! 7 to an up-converter 55 
442i 7 . The up-converted signal is applied from up-con- 
verter 442 17 to gain or level controls illustrated as a 
block 444i 7 . From gain/level controls 444 17 , the proc- 



essed signals flow to one of two input ports of a vertically 
polarized K y active transmit antenna array 450a, which 
is mounted on deployed antenna panel 24b. Similarly, 
the signal on channel 418 leaves horizontally polarized 
receive antenna 436, and flows to a down-converter 
438! b » where it is down-converted to an IF. The IF signal 
from down-converter 438i 8 is applied through a filter 
440 18 to an up-converter 442i 8 . The up-converted sig- 
nal is applied from up-converter 442! 8 to 9 ain or ,eve ' 
controls illustrated as a block 444! 8- From gain/level 
controls 444! s> tne processed signals flow to the other 
one of the two input ports of vertically polarized K 0 active 
transmit antenna array 450a. Also, the signals on chan- 
nels 431 and 432 leave horizontally polarized receive 
antenna 436, and flow to down-converters 438 31 and 
438 32 , where they are down-converted to IF The IF sig- 
nals from down-converters 438 31 and 438 32 are applied 
through filters 440 31 and 440 32 to up-converters 442 31 
and 442 32 . The up-converted signals are applied from 
up-converters 442 3 i and 442 32 to gain or level controls 
illustrated as blocks 444 31 and 444 32 . From gain/level 
control blocks 444 31 and 444 32 , each of the processed 
signals flows to one of the two input ports of vertically 
polarized K u active transmit antenna array 450h. Other 
receive output signals on channels lying between chan- 
nel 418 and 431 are processed similarly, and the result- 
ing processed signals are applied to the input port pairs 
of other vertically polarized transmit antenna arrays ly- 
ing between arrays 450a and 450h. 

FIGURE 5 is a view of the nadir side of the space- 
craft body 1 4b, illustrating how the 3X3 K u -band vertical 
and horizontal receive antenna arrays 434 and 436 of 
FIGURE 4 may be arranged. As mentioned above, each 
receive tile is capable of receiving sixteen separate 
channels on sixteen beams. FIGURE 5 also illustrates 
four eight-by-eight arrays of K g transmit tiles, namely 
East arrays 24, 24a, and West arrays 24b and 524. Ar- 
ray 24a is subdivided into four vertically polarized 4X4 
subarrays 446a, 446b, 446c, and 446d, of sixteen tiles 
each, array 24 is subdivided into four vertically polarized 
4X4 subarrays 446e, 446f, 446g, and 446h, of sixteen 
tiles each, array 24b is subdivided into tour horizontally 
polarized 4X4 subarrays 450a, 450b, 450c, and 450d, 
of sixteen tiles each, and array 524 is subdivided into 
four horizontally polarized 4x4 subarrays 450e, 450f, 
450g, and 450h, each of sixteen tiles. Altogether, there 
are sixteen 4X4 transmit tile subarrays in the arrange- 
ment ot FIGURE 5. 

FIGURE 6 is a simplified view of the RF feed con- 
nections to the sixty-four radiating tiles of 8X8 transmit 
antenna panel 24a of FIGURE 4. In FIGURE 6, each 
individual tile is identified by its row and column. For ex- 
ample, a radiating tile designated 610 is in row 1 , column 
A, and its identity may be designated 1 A. Similarly, the 
tile designated 612 may be identified as 1 B. The tile at 
the lower right corner of 8X8 array 446 is tile 8H. The 
broad side of radiating tile 610 which is visible in FIG- 
URE 6 is the feed side, and the four edges 610!, 610 2> 
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610 3 , and 610 4 are designated. 

In FIGURE 6, the eight input signal paths 401 , 402, 
403, 404, 405, 406, 407, and 408 are in the form of 
small-diameter coaxial transmission line (coax). While 
these coaxial transmission lines are illustrated exploded 5 
away from the support frame 50, they actually run along 
the support beams 50x, 50y, as suggested by lines 601 , 
602 lying along the support beams. These eight trans- 
mission lines carry received signals from receive anten- 
na array 434 of FIGURE 4 to the receivers or downcon- 10 
verters, filters, upconverters, and gain controls of the 
communication system, all of which are contained within 
the spacecraft body. In FIGURE 6, coax transmission 
line 401 carries receive signals to a 1:16 power divider 
or splitter 620a, which divides the received signals into is 
sixteen signals, which are coupled by coaxial cables, il- 
lustrated as lines, to one input port (small circles) of each 
of radiating tiles 1E, 1F, 1G, 1H, 2E, 2F, 2G, 2H, 3E, 3F, 
3G, 3H, 4E, 4F, 4G, and 4H, so that the signal on re- 
ceived RF signal path 401 is made available to all six- 20 
teen tiles of one-quarter of the 8X8 panel 24a of FIGURE 
6. Similarly, the receive signals on signal path 402 are 
divided by another sixteen-to-one divider 620b, and the 
resulting power-divided signals are each applied to a 
second input port of each of tiles 1 E, 1 F, 1 G, 1 H, 2E, 2F, 2S 
2G, 2H. 3E, 3F, 3G, 3H, 4E, 4F, 4G, and 4H. Thus, each 
of the abovementioned tiles receives a signal in first and 
second channels, and those signals are, in general but 
not always, at two different frequencies within the overall 
band of the transmit tiles, which in the embodiment so 30 
far described is K w band. Similarly, the received signals 
on coaxial signal paths 403 and 404 are divided in di- 
viders 622a and 622b, and routed to the input ports of 
radiating tiles 1 A, 1B, 1C, 1D, 2A, 2B, 2C, 2D, 3A, 3B, 
3C, 3D, 4A, 4B, 4C, and 4D. The received signals on 3$ 
coaxial signal paths 405 and 406 are divided in signal 
splitters 624a and 624b, and routed to the input ports of 
radiating tiles 5A, 5B, 5C, 5D, 6A, 6B, 6C, 6D, 7A, 7B, 
7C, 7D, 8A, 8B, 8C, and 8D. The received signals on 
coaxial signal paths 407 and 408 are divided in signal *o 
splitters 626a and 626b, and routed to the input ports of 
radiating tiles 5E, 5F, 5G, 5H, 6E, 6F, 6G, 6H, 7E, 7F, 
7G, 7H, 8E, BF, 8G, and 8H. In a preferred embodiment 
of the invention, the input coaxial transmission lines, 
such as 401 and 402, are larger in diameter (0.085 inch *s 
diameter) than those extending from splitters 620a, 
620b, to the input ports of the radiating tiles (0.047 inch 
diameter). The losses occasioned by the use of such 
coaxial transmission lines is readily made up by adjust- 
ment of the gain or level controls 444 of each tile. s <> 

FIGU RE 7 is a simplified block diagram of the signal 
processing within a radiating tile, such as tile 612 at lo- 
cation 1B of FIGURE 6. Since one of the purposes of 
the invention is to allow the use of common elements, 
each element may have greater capability than that 55 
which is used in a particular configuration. For example, 
while the configuration described in conjunction with 
FIGURE 4 uses two RF input ports of each tile, the tiles 



themselves may have a greater number of input ports, 
so that they may be used in more complex configura- 
tions. In FIGURE 7, the radiating tile includes four RF 
input ports 710a, 710b, 710c, and 71 Od. Each RF input 
port is coupled to an RF pre-driver amplifier to help with 
making up the cable losses, so input port 710a is cou- 
pled to an RF amplifier 712a, input port 710b is coupled 
to an RF amplifier 712b, input port 710c is coupled to 
an RF amplifier 712c, and input port 71 Od is coupled to 
an RF amplifier 71 2d. Each predriver is coupled to a 4: 
1 power divider. Thus, predriver 712a is coupled to a 
splitter 714a, predriver 712b is coupled to a splitter 
714b, predriver 712c is coupled to a splitter 714c, and 
predriver 71 2d is coupled to a splitter 71 4d. 

In FIGURE 7, each 4:1 power splitter or divider 714 
has each of its output ports coupled to an input port of 
a different one of four beamformers. Thus, a first output 
port of power divider 71 4a is coupled to an input port of 
a first beamformer 71 6a by way of a path 7 1 B A , a second 
output port of power divider 714a is coupled to an input 
port of a second beamformer 716b by way of a path 
71 8 2 , a third output port of power divider 714a is coupled 
to an input port of a third beamformer 71 6c by way of a 
path 71 8 3 , and a fourth output port of power divider 714a 
is coupled to an input port of a fourth beamformer 71 6d 
by way of a path 71 8 4 . Beamformers are well known in 
the art, and details of a beamformer appear below. 

Each beamformer 716a, 716b, 716c, and 716d of 
FIGURE 7 has four output ports, each of which is cou- 
pled to an antenna array. For example, beamformer 
716a has four output ports designated 1, 2, 3, and 4. 
Output port 1 of beamformer 716a is coupled through a 
driver amplifier 720a to a further 4: 1 power divider 722a. 
The four output ports of power divider 722a are applied 
to four corresponding power RF amplifiers 724 v 724 2 , 
724 3 , 724 4 . The amplified signals from each power am- 
plifier are applied through a bandpass filter, which re- 
jects out-of-band RF power in the receive bands of all 
receive tiles, thus allowing simultaneous transmission 
and reception of signals by the communications space- 
craft. In the illustrated embodiment, the bandpass filter 
is a waveguide filter. Thus, the output of RF amplifier 
724-, is applied through waveguide filter 726 1t and then 
by way of tee junctions to four individual radiating ele- 
ments 730 v 730 2 , 730 3 , and 730 4 of the antenna array 
730 which is associated with radiating tile 61 2. In a par- 
ticular embodiment of the invention, the individual radi- 
ating elements are dipoles, which are mounted on the 
RF-radiating side of tile 612, opposite to the side with 
the RF input ports. The output of RF amplifier 724 4 is 
applied through waveguide filter 726 4 , and then by way 
of tee junctions to four individual radiating elements 
730 13 , 730 14 , 730! 5 , and 730 16 of the antenna array 730 
which is associated with radiating tile 61 2. The other two 
output ports of power divider 722a are coupled through 
power amplifiers 724 2 and724 3 , and through waveguide 
filters 726 2 and 726 3 , respectively, to additional four-di- 
pole subarraysof antenna array 730. Thus, a single out- 
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put port of beamformer 71 6a couples four weighted sig- 
nals to sixteen elemental dipole antenna elements. 

Output port 16 of beamformer 7 16d of FIGURE 7 is 
coupled through a driver amplifier 720p to a further 4:1 
power divider 722p. The four output ports of power di- 5 
vider 722p are applied to four corresponding power RF 
amplifiers 724 61 , 724 62 . 724 63 , 724^. The amplified sig- 
nals from each power amplifier are applied through a 
bandpass filter. In the illustrated embodiment, the band- 
pass filter is a waveguide filter. Thus, the output of RF 
amplifier 724 61 is applied through waveguide filter 
726 61 , and then by way of tee junctions to four individual 
radiating elements 730 241) 730 242 , 730 24 3, and 730 244 
of the antenna array 730. The output of RF amplifier 
724 64 is applied through waveguide filter 726^, and 
then by way of tee junctions to four individual radiating 
elements 730 253 , 730 254 , 730 255 , and 730 256 of the an- 
tenna array 730 which is associated with radiating tile 
612. The other two output ports of power divider 722p 
are coupled through power amplifiers 724 62 and 724 63> 
and through waveguide filters 726 62 and 726 63> respec- 
tively, to additional four-dipole subarrays of antenna ar- 
ray 730. Each beamformer output port lying between 
ports 1 and 16 is coupled in a similar manner. Thus, the 
sixteen output ports of beamformer 71 6a produce phase 
and attenuation weighted signal elements which results 
in formation of four beams. As is known to those skilled 
in the art, the phasing of the signals produced by the 
beamformers can be adjusted, to move the radiated 
beams in space. In FIGURE 7, a controller 740 receives 
command signals over a signal path 742 from outside 
the tile, and is coupled to the beamformers 716 for con- 
trol of the phasing. A further controller in the electronic 
power conditioner 744 is coupled to receive commands 
from outside tile 612, also by way of signal path 742, 
and is coupled to the RF amplifiers 724 for control of 
their output power level. This is readily accomplished in 
many different ways, one of which is simply to reduce 
the applied energizing voltage. 

FIGURE 8 is a simplified block diagram of an exem- 
plary beamformer of FIGURE 7. Fordefinrteness, beam- 
former 716a is illustrated. In FIGURE 8, the input signals 
on signal paths 718-,, 71 8 5 , 71 8 9 , and 718 13 are each 
applied to a 4:1 power splitter. More specifically, the sig- 
nal on path 718! is applied to a 4:1 power divider 810 lt 
which includes an input 2:1 power divider cascaded with 
a pair of additional 2:1 power dividers, so as to produce 
four power-divided signals on signal paths 81 2 V 81 2 2 , 
81 2 3 , and 81 2 4 . Each of the power-divided signals on a 
signal path 812 is applied to an attenuator of an atten- 
uator array 81 4. The attenuated signals are applied from 
each individual attenuator to a corresponding phase 
shifter of an array 81 6 of phase shifters. The attenuated 
and phase-shifted signals are recombined in 1 :4 power 
combiners 818^ 81 8 2 , 81 8 3 , and 81 8 4 , with four result- 
ing output signals with contributions from their four 
source signals. Such beamformers are so well known 
that no further description is believed to be necessary. 



Since the attenuators and phase shifters illustrated in 
FIGURE 8 are all located on a single individual radiating 
tile of an array, it is desirable to have remote control of 
the attenuators and phase shifters, which is provided by 
a controller 820, which receives its digital commands 
from controller 740 of FIGURE 7. 

In a preferred embodiment of the invention, the re- 
ceive and the transmit tiles are preferably of a common 
size so that they may be substituted into various loca- 
tions in the support frame. The preferred dimension is 
a square of about 12 inches by 12 inches, with a thick- 
ness of not more than about 1 .2 inches, for a 10:1 ratio 
of side/thickness. In order to fit the necessary signal 
processing of FIGURES 7 and 8 into the available space, 
an integrated structure is desirable. 

FIGURE 9 is an exploded view of a single radiating 
tile. In FIGURE 9, 91 0 is a manifold assembly, described 
below, which forms the radiating suriace of the tile of 
FIGURE 9. Manifold 910 also radiates thermally, and is 
the outer cover or outer conductor for the 4:1 splitters 
which drive the radiating elements, and the broad wall 
of the bandpass filters. A tile filter housing 912 is the 
principal structural support for the tile. The tile filter 
housing 91 2 is made from a metal, and is therefore ther- 
mally conductive, and includes machined elements 
which define the bandpass filters 726 of FIGURE 7. One 
of the machined filter elements 726 is illustrated from 
the "back" side as 915 in FIGURE 9. A strip conductor 
916 is patterned to fit within interstices of filter housing 
91 2 to define the distribution path for energizing power 
to various locations. HEXFET DC power switches, one 
of which is designated 918, each provide for the switch- 
ing on and off of groups of four power amplifiers 724 of 
FIGURE 7. Power amplifiers 724 are illustrated as 922 
in FIGURE 9. The RF signal distribution is accomplished 
by a stripline transmission line pattern 920, which pro- 
vides signal paths between each driver amplifier 928, 
and four corresponding power amplifiers 922 of the tile. 
The driver amplifiers 928 are illustrated as 720 in FIG- 
URE 7. The power amplifiers are physically mounted in 
thermal communication with filter housing 912. Another 
layer illustrated in FIGURE 9 includes pre-driver ampli- 
fiers 926 and driver amplifiers 928, and the beamform- 
ing matrices 930. The pre-driver amplifiers 926 are illus- 
traed as 712 in FIGURE 7. The beamforming matrices 
are illustrated as 716 in FIGURE 7. This layer also in- 
cludes the power conditioning 932 for control of the pow- 
er amplifier output level. A further layer includes a print- 
ed-circuit pattern 934 for carrying the low-level control 
signals, and a controller module. A back cover 938 in- 
cludes representative apertures 940 for RF signal in- 
gress ports, energizing power input, control signal in- 
puts, and the like. Interconnection between the various 
layers of the structure of FIGURE 9 may be accom- 
plished in any desired manner. In a preferred embodi- 
ment of the invention, short metal ribbons extending 
•horizontally" between pads on the various layers are 
used for many of the RF signal connections. The pads 
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have coptaner stripline terminations in the preferred em- 
bodiment. 

FIGURE 10a illustrates a portion of the structure of 
FIGURE 9, showing the reverse sides of three filter el- 
ements 915, and illustrating the thermal paths 1 009 pro- s 
vided between the main filter housing 912 and portions 
of the radiating tile closer to back cover 938, which is 
part of a conducting path which extends all the way from 
filter housing 91 2 to back cover 938. FIGURE 10b illus- 
trates the reverse side of the portion of the filter housing 
912 from that of FIGURE 10a. In FIGURE 10b, the 
waveguides 1010 defined in part by narrow side walls 
1012 are interrupted by the cavities 1014 of the RF fil- 
ters. The upper walls of the waveguides 1010 of the fil- 
ters are defined by the abovementioned manifold, de- 
scribed below. In FIGURE 10b, the feedthroughs or 
probes from the associated solid state power amplifiers 
922 of FIGURE 9 (SSPAs) are illustrated as 1016. The 
physical mounting location of one of the solid state pow- 
er amplifiers is illustrated as 1018. Thus, the heat pro- 
duced by the SSPA in location 1 018 is conducted direct- 
ly to the filter housing 912, and by the abovementioned 
thermal paths to the back cover 938. Further conductive 
thermal paths to the manifold, described below, are pro- 
vided by the narrow side walls 1012 of the waveguides 
1010. Energy coupled into each waveguide 1010 from 
an SSPA by way of a coupling probe 1016 propagates 
past the cavities (if at the proper frequency) to the op- 
posite end of the waveguide, and is coupled out to the 
manifold by a probe or coupler at locations such as 
1022. 

FIGURE 11 is an exploded view of a portion of the 
manifold 910 of FIGURE 9. In FIGURE 11 , manifold 910 
is seen to be made up of a top manifold 1 1 10, a bottom 
manifold 1112, and a plurality of multiple-dipole radiating 
elements, each of which is designated 1114. Upper 
manifold 1110 defines a plurality of walls, one of which 
is designated 1116, adjacent to each set of four through 
slots or apertures 1118. The apertures 1118 allow the 
dipole antennas to extend out of the tile for radiation. 
The walls, such as wall 1116, associated with each set 
of four apertures 1118, coact with corresponding walls 
1120 of the bottom manifold 1112 to define peripheral 
walls, which in turn coact with the electrically conductive 
patterns defined on elements 11 14 to form a low-profile 
four-way power splitter. For example, radiating ele- 
ments 1114! consists of a plurality of flexible layers of 
dielectric material, with various conductive layers. The 
four radiating elements of structure 11 14-, are fed from 
the outputs of the four- way power divider defined by the 
flexible conductors in conjunction with peripheral walls 
1116 and 1120. The input to the power divider formed 
from the flexible conductors and peripheral walls is at a 
point 1124 on each radiating element structure. From 
each point 1124, a conductor wire such as wire 1126 
extends "downward" through an aperture 1128 in the 
bottom manifold 1112, and projects into the associated 
filter waveguide at point 1022. Thus, the four-way split- 



ter associated with each set of four radiating dipoles is 
fed by a probe 1126 from the end of an associated filter 
waveguide. The dipole elements are in the form of con- 
ductive patterns on the flexible dielectric material, and 
are arranged with insulation of the dipole elements 
where they pass through slot apertures 1 1 1 8. A conduc- 
tivethermal path extends from filter housing 912through 
the thin walls 1012 into contact with bottom manifold 
1112, and through the projecting peripheral walls 1120 
to matching peripheral walls 1116 of top manifold 1110. 
The large number of such paths provides a relatively low 
thermal resistance. 

FIGURE 12 illustrates the layout of tiles in a partic- 
ular embodiment of the invention. In FIGURE 12, 434 
and 436 are mutually orthogonally linear polarized Ky 
band receive antennas, much as described in conjunc- 
tion with FIGURE 5. Three-by-three tile arrangements 
1210, 1212, 1214, 1216, 1218, 1220, 1222, 1224, 1226, 
1228, 1230, and 1232 are Ky transmit arrays. Among 
these, six are vertically polarized, and the other six are 
horizontally polarized. Five-by-five tile sets 1234 and 
1236 are C-band transmit antenna arrays, while five-by- 
five tile sets 1 238 and 1 240 are C-band receive antenna 
arrays. The receive antenna arrays are much easier to 
build, because they don't contain numbers of high-pow- 
er RF amplifiers, but instead include only low-noise am- 
plifiers. Two-by-three tile sets 1242, 1244, 1246, 1248, 
1250, 1252, 1254, and 1256 are nonradiating dummy 
tiles to aid in support of the tile support frame. 

FIGURE 13 illustrates the tile layout according to 
another embodiment of the invention. In FIGURE 13, 
1310 represents a first 8X8 tile C-band transmit array, 
and 1312 is a second 8X8 tile C-band transmit array. 
Five-by-five tile sets 1314 and 1316 represent C-band 
receive arrays. Three-by-three tile sets 1318, 1320, 
1322, 1324, 1326, and 1328 are K u band transmit ar- 
rays. Three-by-three tile sets 434 and 436 are K u band 
receive arrays mounted on the nadir side of the body 
14b of the spacecraft bus. As in the case of the arrange- 
ment of FIGURE 1 2, those apertures in the frame which 
are not occupied by radiating tiles, namely two-by-three 
tile sets 1330, 1332, 1334, and 1336 are occupied by 
dummy tiles for mechanical support. 

FIGURE 14 is a cross-sectional side view of a re- 
ceive-only tile mounted in a support frame, with heat- 
reflecting insulation to aid in maintaining temperature. 
In FIGURE 14, the receive-only radiating tile is desig- 
nated 1 41 0, and two adjacent frame beam webs or sup- 
port members are 1 41 2 and 1 41 4. Web 1 41 4 has upper 
flange 1414u and lower flange 1414b, and web 1416 
has flanges 1416u and 1416b. Tile supports 1418 and 
1420 support the tile within the aperture defined by the 
frame members. The electromagnetic radiating side is 
indicated by arrow 1 422. The thermal-only radiating side 
is indicated by arrow 1424. Thermal radiation from the 
lower broad side of tile 1410, which would otherwise be 
lost to space, is reflected back to the tile by a first thermal 
shield or blanket 1430, which may be as simple as a thin 
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sheet of polymer metallized on one side for thermal re- 
flection. Aluminum, silver or gold metallization may be 
used. On the electromagnetic radiating side 1422, the 
thermal reflector or blanket 1432 must be RF-transpar- 
ent. Many such RF -transparent thermal shields are 5 
known, such as that described in U.S. Patent 5,21 5,824, 
issued June 1 , 1 993 in the name ot Munro, III, et al, and 
that described in U.S. Patent 5,283,592, issued Febru- 
ary 1, 1994 in the name of Bogorad et al. 

Thus, each spacecraft (12, 14, 16) of a set (10) of 
spacecraft according to the invention includes a body 
(12b, 14b, 16b), and a source of electrical power (40a, 
40b; 44) mounted on the body. The body (12b, 14b, 16b) 
of each of the spacecraft bears a support frame (50), 
which comprises a plurality of elongated support beams 
(50x, 50y) in first and second mutually orthogonal sets, 
joined together to form a substantially planar grid (50) 
defining an array of substantially identical rectangular 
apertures (28). The sizes of the rectangular apertures 
(28) are identical from one spacecraft of the set to an- 
other. A first spacecraft (14) of the set of spacecraft (1 0) 
includes a first set (30) of substantially planar, rectan- 
gular, first tiles (30 x ), where the subscript x refers to any 
or all of the abovementioned or above-described numer- 
als. Each of the first tiles defines first and second broad 
sides and four edges (610 1( 61 0 2 , 61 0 3 , and 61 0 4 ), and 
each tile of the first set (30) of tiles is dimensioned to fit 
within any one of the rectangular apertures (28) of the 
frame (50) of any spacecraft (1 2, 1 4, 1 6) of the set (1 0) 
of spacecraft. Each of the first tiles (30 x of FIGURE 1) 
includes an antenna arrangement (730 OF FIGURE 7) 
which is adapted for electromagnetic radiation from the 
first broad side of the tile within a first frequency band. 
Each of the first tiles includes an electromagnetic signal 
input port (71 0 X of FIGURE 7) for receiving signals within 
the first frequency band, an amplifier (724 x ) for amplify- 
ing signals within the first frequency band, a coupling 
arrangement (71 2 X , 71 4 X , 71 8 X , 716 x> 720 x , 722 x cou- 
pled to the amplifier (724*) and to the electromagnetic 
signal input port (71 0 X ), for coupling signals which are 
applied to the electromagnetic signal input port (710 x ) 
to the amplifier (724 x ) lor amplification, and a reject filter 
arrangement (726 x ) coupled to the amplifier (724 x ) and 
to the antenna arrangement (730), for coupling ampli- 
fied signals from the amplifier (724 x ) to the antenna ar- 
rangement (730), and for rejecting signal components 
at reject frequencies other than the first frequency band. 
The amplifiers (724 x ) of each of the first tiles is thermally 
coupled to at least one of the first and second broad 
sides of the tile for radiation of thermal energy into space 
therefrom. Each of the tiles of the first set (30) of tiles is 
mounted within one of the apertures (28) in the frame 
(50) of the first spacecraft (14), with at least one edge 
610,, of each of the tiles of the first set of tiles adjacent 
to another tile of the first set of tiles, to thereby form an 
active array which includes the antenna arrangements 
of the first set of tiles. The first spacecraft also includes 
a second set (32) of substantially planar, rectangular, 



second tiles. Each of the second tiles (32) defines first 
and second broad sides and four edges, and is dimen- 
sioned to fit within any one of the rectangular apertures 
of the frame of any spacecraft of the set of spacecraft. 
Each of the second tiles includes an antenna arrange- 
ment which is adapted for radiation from the first side of 
the tile within a second frequency band. Each of the sec- 
ond tiles (32) includes an electromagnetic signal input 
port (71 0 X )for receiving signals within the second fre- 
quency band, an amplifier (724 x ) for amplifying signals 
within the second frequency band, a coupling arrange- 
ment (71 2 X , 714 x , 718^ 71 6 X , 720 x , 722 x ) coupled to the 
amplifier and to the electromagnetic signal input port for 
coupling those signals which are applied to the input port 
to the amplifier in which the signals are amplified, and 
a reject filter arrangement (726 x ) coupled to the amplifier 
and to the antenna arrangement, for coupling amplified 
signals from the amplifier to the antenna arrangement, 
and for rejecting signal components at reject frequen- 
cies other than the second frequency band. The ampli- 
fier of each of the second tiles is thermally coupled to at 
least one of the first and second sides of its associated 
second tile, for radiation of thermal energy therefrom. 
Each of the tiles of the second set of tiles is mounted 
within one of the apertures in the frame of the first space- 
craft, with at least one edge of each of the tiles of the 
second set of tiles adjacent to another tile of the second 
set of tiles, to thereby form an active array which in- 
cludes the antenna arrangement of the second set of 
tiles. The first spacecraft further includes a source of first 
electromagnetic signals within the first frequency band, 
and a source of second signals within the second fre- 
quency band. The first and second signals are to be 
transmitted. The first spacecraft further includes a first 
power divider (622a, 622b) with an input port coupled to 
the source of first signals. The first power divider in- 
cludes a plurality of output ports, each of which is cou- 
pled to the electromagnetic signal input port of one of 
the tiles of the first set of tiles. The first spacecraft also 
includes a second power divider with an input port cou- 
pled to the source of second signals, and with a plurality 
of output ports, each of the which is coupled to an the 
electromagnetic signal input port of one of the tiles of 
the second set of tiles. The first spacecraft further in- 
cludes an electrical power distributing arrangement cou- 
pled to the source of electrical power and to each of the 
tiles, for providing energizing power for the amplifier In 
a preferred embodiment of the invention, the rectangu- 
lar apertures in the frame are square, and the tiles are 
also square, so that the tiles may be mounted with either 
of two mutually orthogonal linear polarizations. The tiles 
preferably has a minimum ratio of side to thickness of 
10, and in one embodiment have 12-inch sides. In an- 
other embodiment of the invention, the radiation asso- 
ciated with the first tile of the first spacecraft is in a first 
polarization, and the radiation associated with the sec- 
ond tile is in a second polarization, orthogonal to the first 
polarization. The frequency of operation of a tile may be 
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within or include C-band, L-band, X-band, or any of the 
K bands, or combinations thereof. Mutually adjacent 
tiles in the frame may operate within the same frequency 
band, or at different frequency bands. The electrical 
power distribution arrangement may distributes the 
electrical power at a distribution voltage which exceeds 
that required by the amplifier, and each of the tiles may 
in that case include a voltage reducer coupled to the 
power distribution and to the amplifier, for reducing the 
distribution voltage to a lower voltage for application to 
the amplifier. Those skilled in the art know that this may 
be done in a linear manner, but that a switching voltage 
converter tends to have lower energy or power losses. 

Other embodiments of the invention will be appar- 
ent to those skilled in the art. For example, instead of 
having four RF input ports per tile, there may be one, 
two, three, or more than four RF input ports on each tile, 
depending upon the number of beams associated with 
each tile. While the number of independent beams has 
been described as sixteen when there are sixteen chan- 
nels, some or all of the beams may wholly or partially 
overlap. While active devices or amplifiers through 
which multiple signals pass are desirably maintained 
within their linear regions to reduce the effects of distor- 
tion, such as cross-modulation and intermodulation, lin- 
ear amplifiers always have some residual distortion at 
any operating level. Those skilled in the art know that 
the operating level of the active device or amplifier itself 
may be nonlinear if a predistortion or postdistortion de- 
vice is cascaded therewith to reduce the effects of the 
distortion occasioned by operating in a nonlinear portion 
of the device characteristics. While the apertures in the 
support frame and the tiles have been described as be- 
ing square, those skilled in the art will recognize that 
other shapes are also possible, namely rectangular or 
hexagonal. While the K u band tile has been described 
as having 256 radiating elements, when lower frequen- 
cies are used, the larger physical dimensions of the var- 
ious parts, such as the filters, necessarily reduces the 
number of radiators on each tile. While transmit-only or 
receive-only tiles have been described, transmit-receive 
tiles may be used, with the transmit and receive frequen- 
cies either the same or different. 



Claims 

1. A spacecraft of a set of spacecraft, each of said 
spacecraft comprising: 

a body; 

a source of electrical power; 
a support frame supported by said body, said 
frame comprising a plurality of elongated sup- 
port beams in first and second mutually orthog- 
onal sets, joined together to form a substantial- 
ly planar grid defining an array of substantially 
identical rectangular apertures; 



a first set of substantially planar, rectangular, 
first tiles, each of said first tiles defining first and 
second broad sides and four edges, each tile 
of said first set being dimensioned to fit within 

s any one of said rectangular apertures, and 

each of said first tiles including antenna means 
which is adapted for radiation from said first 
side of said tile within a first frequency band, 
and which is arranged for electromagnetic ra- 

10 diation from said first side of said tile, each of 

said first tiles including an electromagnetic sig- 
nal input port for receiving signals within said 
first frequency band, amplification means for 
amplifying signals within said first frequency 
band, coupling means coupled to said amplifi- 
cation means and to said input port for coupling 
signals which are applied to said input port to 
said amplification means for amplification, and 
reject filter means coupled to said amplification 

20 means and to said antenna means, for coupling 

amplified signals from said amplification means 
to said antenna means, and for rejecting signal 
components at reject frequencies other than 
said first frequency band, said amplification 

25 means of each of said first tiles being thermally 

coupled to at least one of said first and second 
sides for radiation of thermal energy therefrom, 
each of said tiles of said first set of tiles being 
mounted within one of said apertures in said 

30 frame, with at least one edge of each of said 

tiles of said first set adjacent to another tile of 
said first set, to thereby form an active array in- 
cluding said antenna means of said first set of 
tiles; 

35 a second set of substantially planar, rectangu- 

lar, second tiles, each of said second tiles de- 
fining first and second broad sides and four 
edges, each tile of said second set being di- 
mensioned to fit within any one of said rectan- 

40 gular apertures, and each of said second tiles 

including antenna means which is adapted for 
radiation from said first side of said tile within a 
second frequency band, and which is arranged 
for electromagnetic radiation from said first side 

4S of said tile, each of said second tiles including 

an electromagnetic signal input port for receiv- 
ing signals within said second frequency band, 
amplification means for amplifying signals with- 
in said second frequency band, coupling 

so means coupled to said amplification means and 

to said input port for coupling signals which are 
applied to said input port to said amplification 
means for amplification, and reject filter means 
coupled to said amplification means and to said 

55 antenna means, for coupling amplified signals 

from said amplification means to said antenna 
means, and for rejecting signal components at 
reject frequencies other than said second fre- 
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quency band, said amplification means of each 
of said second tiles being thermally coupled to 
at least one of said first and second sides for 
radiation of thermal energy therefrom, each of 
said tiles of said second set of tiles being 
mounted within one of said apertures in said 
frame, with at least one edge of each of said 
tiles of said second set adjacent to another tile 
of said second set, to thereby form an active 
array including said antenna means of said sec- 
ond set of tiles; 

a source of first signals within said first frequen- 
cy band, which first signals are to be transmit- 
ted; 

a source of second signals within said second 
frequency band, which second signals are to be 
transmitted; 

first power dividing electromagnetic transmis- 
sion means including an input port coupled to 
said source of first signals, and including a plu- 
rality of output ports, each of said output ports 
of said first power dividing means being cou- 
pled to said electromagnetic signal input port of 
one of said tiles of said first set of tiles; 
second power dividing electromagnetic trans- 
mission means including an input port coupled 
to said source of second signals, and including 
a plurality of output ports, each of said output 
ports of said second powering dividing means 
being coupled to said electromagnetic signal in- 
put port of one of said tiles of said second set 
of tiles; and 

electrical power distributing means coupled to 
said source of electrical power and to each of 
said tiles, for providing energizing power for 
said amplification means. 

2. A spacecraft according to claim 1 , wherein said rec- 
tangular apertures and said rectangular radiating 
tiles are square. 

3. A spacecraft according to claim 1 , wherein each of 
said tiles has a minimum ratio of side to thickness 
of 10. 

4. A spacecraft according to claim 1 , wherein said ra- 
diation associated with said first tile is in a first po- 
larization, and said radiation associated with said 
second tile is in a second polarization, orthogonal 
to said first polarization. 

5. A spacecralt according to claim 1 , wherein said first 
frequency band is C-band. 

6. A spacecraft according to claim 1 , wherein said sec- 
ond frequency band is K-band. 

7. A spacecraft according to claim 5, wherein said K- 



band is K A -band or a Ky-band. 

8. A spacecraft according to claim 1 , wherein each of 
said tiles is square, with edges of about 12 inches. 

5 

9. A spacecraft according to claim 1, wherein said 
electrical power distribution means distributes said 
electrical power at a distribution voltage which is 
higher than that required by said amplification 

10 means, and each of said tiles further incfudes volt- 
age reducing means coupled to said power distri- 
bution means and to said amplification means for 
reducing said distribution voltage to a lower voltage 
for application to said amplification means. 

15 

10. A spacecraft of a set of spacecraft, each of said 
spacecraft comprising: 

a body; 

20 a source of electrical power; 

a support frame supported by said body, said 
frame comprising a plurality of elongated sup- 
port beams in first and second mutually orthog- 
onal sets, joined together to form a substantiat- 
es |y planar grid defining an array of substantially 
identical rectangular apertures; 
a first set of substantially planar, rectangular, 
first tiles, each of said first tiles defining first and 
second broad sides and four edges, each tile 

30 of said first set being dimensioned to fit within 

any one of said rectangular apertures, and 
each of said first tiles including antenna means 
which is adapted for receiving electromagnetic 
radiation from said first side of said tile within a 

35 first frequency band, each of said first tiles in- 

cluding an electromagnetic signal output port 
at which signals received within said first fre- 
quency band are produced, low-noise amplifi- 
cation means for amplifying signals within said 

40 first frequency band, coupling means coupled 

to said amplification means and to said electro- 
magnetic signal output port for coupling ampli- 
fied received signals from said amplification 
means to said electromagnetic signal output 

45 port, and reject filter means coupled to said am- 

plification means and to said antenna means, 
for coupling received signals from said antenna 
means to said amplification means, and for re- 
jecting signal components at reject frequencies 

50 other than said first frequency band, said am- 

plification means of each of said first tiles being 
thermally decoupled from at least one of said 
first and second sides for avoiding radiation of 
thermal energy therefrom, each of said tiles of 

55 said first set of tiles being mounted within one 

of said apertures in said frame, with at least one 
edge of each of said tiles of said first set adja- 
cent to another tile of said first set, to thereby 



11 



21 



EP 0 798 209 A2 



form an active array including said antenna 
means of said first set of tiles; 
a second set of substantially planar, rectangu- 
lar, second tiles, each of said second tiles de- 
fining first and second broad sides and four s 
edges, each tile of said second set being di- 
mensioned to fit within any one of said rectan- 
gular apertures, and each of said second tiles 
including antenna means which is adapted for 
receiving radiation from said first side of said 10 
tile within a second frequency band, each of 
said second tiles including an electromagnetic 
signal output port at which said received signals 
within said second frequency band appear, low- 
noise amplification means for amplifying sig- is 
nals within said second frequency band, cou- 
pling means coupled to said amplification 
means and to said output port for coupling am- 
plified signals from said amplification to said 
output port, and reject filter means coupled to 20 
said amplification means and to said antenna 
means, for coupling received signals from said 
antenna means to said amplification means, 
and for rejecting signal components at reject 
frequencies other than said second frequency 2s 
band, said amplification means of each of said 
second tiles being thermally decoupled from at 
least one of said first and second sides for re- 
ducing radiation of thermal energy therefrom, 
each of said tiles of said second set of tiles be- 30 
ing mounted within one of said apertures in said 
frame, with at least one edge of each of said 
tiles of said second set adjacent to another tile 
of said second set, to thereby form an active 
array including said antenna means of said sec- 3$ 
ond set of tiles; 

a sink of first signals within said first frequency 
band, which first signals are to be received, 
said sink of first signals being coupled to said 
first tile; *o 
a sink of second signals within said second fre- 
quency band, which second signals are to be 
received, said sink of second signals being cou- 
pled to said second tile; 
electrical power distributing means coupled to 
said source of electrical power and to each of 
said tiles, for providing energizing power for 
said amplification means; and 
a thermal shield thermally coupled to one of 
said first and second broad sides of one of said so 
first and second tiles, for tending to keep said 
one of said tiles warm. 
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